regulation of HP-27 could be consistent with increased appetite, which is possibly 48 linked to the anti-inflammatory action of OTC. Given that pigs are good models for 49 human medicine due to their genetic and physiologic resemblance, the present results 50 might also be used for rational intervention in human diseases in which inflammation 51 plays an important role such as obesity, type 2 diabetes and cardiovascular diseases. 52 53 54 55 1 Introduction 56
Immunometabolism is a relatively new field of study that investigates the interplay 57 between the metabolic state and the immune system. Relatively recently, it was realized 58 that obesity promotes inflammation, predisposing for a host of conditions such as 59 cardiovascular disease [1, 2] . Thought to be important in this process is the up 60 regulation of the metabolic or postprandial inflammation the intensity of which is 61 related to the energy value, glycemic index and lipid profile of food [3, 4] . Similar to 62 humans with unhealthy habits, intensively produced animals such as chicken and pigs 63 ingest large amounts of (high) energy feed, causing a state of inflammation too [5, 6] . 64
The latter leads to a suboptimal feed utilization, muscle catabolism, decreased appetite, 65 and consequently diminished growth [4] . Interestingly, the growth retardation in 66 livestock used to be remedied by the use of the nowadays (in the EU) banned 67 antimicrobial growth promoters (AGP) as feed additives. This suggested that they act as 68 anti-inflammatory agents [5] , although the conventional theory was that they worked by 69 an antibiotic mechanism [7] . The latter is quite unlikely, mainly because of the low, sub 70 therapeutic concentrations used, and a direct anti-inflammatory mechanism for growth 71 promotion by AGP was proposed [5] . Among the most effective AGP were macrolides, 72
shown to have also in humans direct anti-inflammatory effects on the immune system in 73 lung disease [8] . Cyclines were recently shown to have clear anti-inflammatory effects 74 on macrophages in vitro [9, 6] , and in mice [10] and broilers [6] , which in the latter was 75 paralleled by growth promotion. There are also studies which point at a similar 76 mechanism in pigs for cyclines [11] . 77
Pigs are better experimental models for human research than chicken (or mice), due to 78 their genetic, anatomic and physiologic resemblance, in particular concerning the 79 gastrointestinal tract, and therefore more relevant for metabolic studies related to human 80 5 immunometabolism [12] . Interestingly, antibiotic use in children has recently been 81 associated with increased body weight gain [13] . 82
In the present study, we aimed at investigating the mechanism behind growth promotion 83 induced by a cycline in pigs. The serum proteome of pigs supplemented in feed with 84 oxytetracycline (OTC) was compared with that of unsupplemented pigs by 2DE DIGE 85 followed by MALDI-TOF/TOF. In addition to complete serum, fractions of the same 86 sera enriched for less abundant proteins by three different methods were analyzed in the 87 same way. After validation, interpretation of results was performed through a 88 bioinformatics systems biology analysis of the regulated proteins. Ireland) according to the manufacturer's instructions, and SAA was determined with a 122 competitive ELISA assay previously developed and validated [14] . where the detergent rich phase is collected after raising the temperature to above the 155 cloud point. The enriched fraction is then diluted at a temperature below the cloud point 156 and concentrated by a TCA-acetone precipitation step. Pellets were dissolved in 157 appropriate sample buffer and kept at -20ºC until analysis. Starting material for this 158 method was 400 µL of serum [17] . 159
The protein concentration of fractions obtained by the above methods was determined 160 according to Bradford [18] , and composition further analyzed as described below. Munich, Germany). To exclude any effect of possible preferential labelling, dye swap 180 was performed. An IPG-DALT system was employed for 2DE, as described previously 181
[16]. This includes first-dimensional electrophoresis in IPG strips of 10 cm length 182 followed by SDS-PAGE as described above. Fluorescence images of the gels were 183 acquired on a Typhoon 9400 scanner (GE Healthcare, Munich, Germany). Image 184 analysis including spot detection, matching, normalization and quantification was 185 performed in four data sets. Spots of interest were identified after statistical analysis 186 (see below) and were excised from the gel after MS-compatible silver staining [16] . 187
188

MALDI-TOF/TOF analyses 189
Sample preparation for mass spectrometry was performed as recently described [21] . 
Effect of OTC supplementation on weight gain and serum levels of acute phase proteins 255
Supplementation of animal feed with OTC at sub-therapeutic concentrations was 256 associated with significantly higher weight gain of supplemented animals at the end of 257 the experimental period compared to controls (Table 1A) . OTC supplementation also 258 resulted in numerically lower levels of serum haptoglobin and significantly lower levels 259 of serum amyloid A (Table 1A) . Combining results from all 2DE analyses, differences in spot intensity between gels 274 from control and OTC-supplemented animals were identified in eighty-one matched 275 different spots (P < 0.05). The Proteominer method yielded only 5 differentially 276 regulated spots, all of which were identified as immunoglobulin heavy chains based on 277 13 earlier observations. These were not subjected to MS analysis, and left out in the further 278 analysis. For some of the regulated spots the amount of protein was insufficient to 279 confidently identify the present proteins by MALDI-TOF/TOF. In total, thirteen 280 different proteins were identified out of thirty-one spots ( Table 2, Fig. 2, and  281 Supplemental Table 1 ). Among those were two faint spots identified as α-2-HS-282 glycoprotein (AHSG) which were clearly smaller size breakdown products: in MS 283 analysis for spot #2259 only peptides of the amino-terminal part of the protein were 284 found, for spot #1376 only from the C-terminus (Fig. 2C) . Analysis of the spots of the 285 intact AHSG chain (spots #328-331; Fig 2A) showed no differential regulation. 286
Clusterin (CLU) appears as two distinct spot chains in pig serum, but was in the present 287 study too faint for positive MS identification. In the Triton X-114 cloud point separation 288 method 2 CLU containing spots were identified (Fig. 2D) , spot #715 showed only 289 peptides from the α-chain, spot #758 only from the β-chain. Both spot chains were 290 regulated in a similar way, but with different degree of significance. 291
From all spots a single protein was identified except spot #484 in which apart from 292 PON1 also peptides from α1AG were found. 293
Together, the two depletion methods identified three additional proteins not detected in 294 whole serum (hibernation associated plasma protein (HP-27), PON1, and apolipoprotein 295 F (ApoF)) as well as additional fragments of AHSG, α1AG, and Hp, with similar trends 296 but not always with the same statistical significance. 297 298
Systems biology analysis 299
Proteins confidently identified were listed and analyzed in GeneDecks to detect 300 significantly enriched pathways and GO biological functions (Table 3) . Different 301 14 pathways and GO terms related with the innate immune response, antioxidant activity 302 and lipid metabolism were found highly significant. 303 304
Additional analysis 305
Results from the additional analyses performed to validate the proteomics results are 306 detailed in Table 1B . 307 OTC-supplemented pigs showed higher serum PON1 levels and total antioxidant 308 activity as measured by FRAP (not statistically significant), and significantly lower 309 levels of α1AG as detected by western blot. Additional evaluation of PON1 activity has 310 been undertaken because in spot #484 also peptides of α1AG had been found; activity 311 measurement showed numerically higher levels of PON1 in the supplemented group 312 (Table 1B) . regulation and a correlation with inflammatory markers [35] whereas in others either no 387 clear relationship was found [36] or a down regulation was observed [37, 38] . A 388 decrease in plasma CLU levels during weight reduction has been observed in humans 389
[36] and dogs [39] , which has been proposed to be an effect of the hypocaloric diet 390 rather than being directly linked to weight loss [36] . Furthermore, CLU serum 391 concentration is associated with those of other adipokines in relation to insulin 392 sensitivity/hyperglycemia and lipid metabolism, but not to body fat mass and 393 inflammation [40] . Altogether, these data suggest that CLU might be an indicator of the 394 body response towards diet-induced oxidative stress. Indeed, there is recent molecular 395 evidence for the protective role of CLU against high-fat diet-induced insulin resistance 396 through the suppression of oxidative stress and inflammation [41] . The activities of 397 CLU and PON1 are closely related within the HDL particle, being responsible for the 398 protection of low density lipoproteins from oxidative modification [42] . PON1 is a 399 negative acute phase reactant in pigs [24] . PON1 is an antioxidant protein whose main 400 function appears to be the metabolization of toxic oxidized lipids of both low density 401 18 lipoprotein (LDL) particles as well as HDL particles [43] . Yet, this protein also exerts 402 anti-inflammatory functions, such as directly suppressing macrophage pro-inflammatory 403 responses [44] . Down regulation of PON1 levels is associated with exacerbation of 404 obesity-related inflammation and oxidative stress [45] . We determined the enzymatic 405 activity of PON1 in serum, and the total antioxidant activity, and both were numerically 406 lower in control animals. Although not significant probably due to the low sample size, 407 it suggested a link between inflammation and lipid oxidation, since the exhaustion of the 408 enzymatic activity of PON1 has been related with the systemic low-grade inflammation 409 produced by oxidative stress in coronary heart disease patients [46] . The third up-410 regulated apolipoprotein, ApoF, is also an atheroprotective protein, and involved in 411 cholesterol transport between lipoproteins, and their levels are positively associated 412 with a favorable proteomic signature for HDL [47] . 413 It is concluded that the above findings on the acute phase proteins and HDL 414 apolipoproteins can be correlated in a straight forward manner with OTC-415 supplementation causing a lower inflammatory state associated with decreased 416 oxidative stress. This is much less straight forward with AHSG and HP-27. AHSG 417 (also known as fetuin-A) is a pleiotropic molecule with metabolic and both anti-and 418 pro-inflammatory roles [48] . Both AHSG under-and over regulation have been 419 described to correlate with inflammation, the first being related with the acute phase 420 reaction [49] and the latter with the development of obesity-related disorders [50] . 421
Concerning AHSG, lower levels were found only with of two AHSG breakdown 422 products, a 34 kDa C-terminal fragment, and a 15 kDa N-terminal fragment, but not 423 with intact AHSG. The biological role of these smaller products is unclear. 424
Interestingly, in the OTC-supplemented pigs HP-27 was down regulated. 425
Hibernation-associated plasma proteins (HP) were first identified in chipmunks as a 426 group of proteins produced in the liver with fluctuating serum levels, depending on the 427 season. They appear at high concentration in the brain during hibernation [51] . 428 However, they have been also identified in the plasma from non-hibernating mammals 429 such as squirrels [52] and cattle [53, 54] . To our knowledge, this is the first report of the 430 presence of HP proteins in pig serum. The exact function of HP proteins is unknown, 431 but structurally homologous proteins have been shown to contribute to energy 432 homeostasis, immunity, tumor cell apoptosis, and cell survival. It has been therefore 433
proposed that an increase in brain HP proteins during hibernation may protect 434 organisms from depressed metabolism and lethal diseases as observed in hibernators 435 In conclusion, in feed OTC supplementation of weaned piglets produced changes in the 453 serum proteome largely consistent with an anti-inflammatory mechanism for OTC. 454
These changes reflected a metabolic change to an energy-saving, growth-promoting 455 phenotype associated with enhanced protection against lipid oxidation. The obtained 456 results support the anti-inflammatory hypothesis as the main mechanism of action of 457 AGP. The latter may also offer a plausible mechanism for the hitherto unexplained 458 growth promotion by antibiotics observed in children [56, 13] . Finally, given that pigs 459 are good models for humans for their great genetic and physiologic resemblance, the 460 present results might also be relevant for human immunometabolic diseases such as 461 obesity, type 2 diabetes and cardiovascular diseases [57] . 
